retical descriptions of the nonlinear optics can be read in ref. 8 .
Aqueous solutions of nonionic amphiphiles play an important role in various chemical, physical and biological processes. Because of their specific surface activity, they are often a subject of many investigations. Of particular interest is the behavior of amphiphile molecules at an oil/water interface. The characterization of the molecular and structural properties between two immiscible liquids is of important scientific interest. 1 Experiments on the adsorption behavior of a nonionic amphiphile at an air/water interface has been studied by surface second-harmonic generation (SHG). 2 The surface-sensitive technique of optical SHG has been sucessfully employed in various studies of liquid/liquid and liquid/gas interfaces. [3] [4] [5] [6] [7] Under the electric dipole approximation SHG is not allowed in the bulk of centrosymmetric media such as liquids. However, between two adjoined centrosymmetrical phases such as at a water/air interface, the symmetry is apriori broken and the nonlinear polarization can be induced.
The polarization can be written as:
where
is the incident electric field and χ ↔ (n) is the dielectric susceptibility of the n-th order. The dielectric susceptibility is described by a (n+1)-th level tensor. In Eq.(1) the dielectric polarization is split into a linear and a nonlinear part corresponding to the properties of the medium. Further theo- Second-harmonic generation and interfacial tension measurements have been used to study the adsorption behavior of a nonionic amphiphile, 1-(3', 5'-di-t-butyl)phenyl-3-glycero-rac-glycerin at an air/water interface. The tensor components of the nonlinear surface susceptibility of the amphiphile have been determined by polarization rotation of the incident fundamental radiation. The comparison of the values of the several tensor components allows the description of the adsorption and orientation behavior of the molecules at an air/water interface.
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air/water interface covered with amphiphiles were carried out in collaboration with the group of Kahlweit at the Max-Planck-Institute. 9 As an amphiphile, we used (p-nonylphenyl)decaoxyethylene glycol monoether (NP10) purchased from the BAYER AG. This substance proved to be not useful for further investigations at the oil/water interface, because the mixture of NP10 with various oils leads to an undefined phase behavior. The reason of this phase behavior is determined by the composition of the solution; the liquid solution consisted of a technical mixture of surfactants, where the main component is NP10. Therefore, it was necessary to investigate other nonionic amphiphile molecules. The amphiphile has to be tested with regard to the phase behavior by mixing it with various oils and observing the nonlinear activity.
A new nonionic amphiphile, 1-(3',5'-di-t-butyl)-phenyl-3-glycero-rac-glycerin has been recently synthesized by Eibl et al. 10 Figure 1 shows its molecular structure.
The interfacial tension was measured by a Du Noüy ring tensiometer (KRÜSS K 10T). 11 The concentration dependence of the interfacial tension (σ) at 25°C is shown in Fig. 2 . According to the Gibbs adsorption isotherme, the surface is completely covered with surfactants, although σ continues to drop from about 60 to 26 mN m -1 . At a concentration of 9.31×10 -4 mol l -1 , the solution of the amphiphiles is cloudy and splits into two different phases. First investigations of the phase behavior by mixing it with tetradecane were performed by Kahlweit et al. 12 
Experimental
The SHG-experiments were performed with a modelocked and Q-switched Nd :YAG laser (Spectra Physics Model 3800) operating at λ=1064 nm. The laser produces pulses of 300 ns duration at an energy of 70 µJ per pulse at a repetition rate of 1 kHz. The experimental setup used is shown in Fig. 3 .
Before the incident laser beam is focused onto the sample surface at an angle of incidence of 60°, it passes through a polarizer and a computer-controlled rotatable half-wave plate. A filter in front of the probe absorbs the generated SH-radiation from all surfaces and the half-wave plate.
The aqueous solutions of interest are placed in temperature controlled trough which can be adjusted vertically.
The generated SH-signal at λ = 532 nm passes a filter to remove the fundamental radiation and is detected by a Peltier-cooled photomultiplier by the single photoncounting technique. The signal is monitored under various polarization angles, while rotating the polarization of the fundamental beam by the λ/2 plate. This results in polarization dependent rotation patterns which have to be further evaluated by Fourier analysis. 13 A computer was used for further processing. The coordinate system of the probe is also shown in Fig. 3 . The z-axis is parallel to the surface normal.
All measurements were performed at room temperature (21°C).
Results and Discussion
The adsorption behavior of amphiphiles at the air/water interface was determined using SHG. We have recorded the polarization dependent second harmonic signal for various bulk concentrations of the amphiphile.
The theory behind the determination of the susceptibility tensor components has been well documented by 32 ANALYTICAL SCIENCES FEBRUARY 1998, VOL. 14 Roders et al. 13 Figure 4 shows the absolute values of the susceptibility components χ zzz and χ zyy as a function of the bulk concentration of the amphiphile. The χ zzz component is largest.
At bulk concentrations from 2.1×10 -5 mol l -1 to 1.7×10 -4 mol l -1 , the values of the two tensor components are increasing. At still larger concentrations, they start to decrease.
A possible conclusion of this surfactant behavior is that by a completed surface coverage the SH-signal increases with increasing bulk concentration which is equivalent to a χ-increase. The reason is that the signal is produced not only by the interface itself but also by the molecule layers close to it. However, at a certain concentration, the SH-signal starts to decrease. Despite an increasing bulk concentration, a decrease of the signal is observed. The denser moving up of the molecules below the water surface leads to the formation of nonlinear inactive aggregates. These aggregates do not make a contribution to the SH-signal. With increasing concentration, more aggregates of the molecules are formed. At a concentration of 9.31×10 -4 mol l -1 , further measurements are not necessary because the aggregation of the molecules is so strong that the solution possesses two different phases.
The χ zzz component is the largest tensor component because the molecular geometry is partly responsible for the large value. The amphiphile molecule consists of two parts; a hydrophobic part namely the two steric tertiary butyl groups on the phenyl group and a hydrophilic part namely the oxyethylene carbon chain with its three hydroxy groups.
The direction of the two steric tertiary butyl groups is towards the water surface, consequently the main axis of the molecule is mainly perpendicular to the water surface. The main axis of the nonlinear active part of the amphiphile, the phenyl group with the bounded oxygen, is therefore also directed perpendicular to the water surface. At low concentrations, the surface susceptibility is the sum of the hyperpolarizability of the single molecules. From this, it is evident that the χ zzz component is the dominant one.
The orientation of the molecules at the air/water interface, according to the geometry of the molecules, is consistent with the results of the nonlinear experiment. By comparing the tensor components χ zzz and χ zyy , we notice that the χ zyy component is increasing slower than the χ zzz component. A reason for this behavior may be that with increasing bulk concentration, the molecules are raised more at the water surface and in the surface near bulk. The ratio of the tensor components χ zzz /χ zyy is extended by increasing concentration therefore the molecules are less tilted with respect to the water surface. This ratio expresses the inclination of the amphiphiles with respect to the water surface. Figure 5 shows the concentration dependence of this ratio.
Further molecular interpretations of the χ-tensor components can not be described as easily at a concentration larger than 1.7×10 -4 mol l -1 , because local field effects caused by intermolecular interaction can not be neglected. At distinct smaller concentrations than 9.31 ×10 -4 mol l -1 , molecular surface effects are observed which interfacial tension measurements do not show. Now we could establish that the observation of such molecular behavior of the amphiphiles at an air/water interface is only possible by the apriori surface sensitive technique of SHG. Further SHG measurements of this amphiphile molecule at an oil/water interface are now thus possible. These investigations deliver more information about the molecular behavior of amphiphiles at an oil/water interface, because the implementation of the phase behavior measurements do not describe these molecular details. ANALYTICAL SCIENCES FEBRUARY 1998, VOL. 14 Fig. 4 Bulk concentration dependence of the second-order susceptibility components |χzyy| (squares) and |χzzz| (circles). Fig. 5 Bulk concentration dependence of the ratio of the second-order components |χzzz| and |χzyy|. The dotted line marks the concentration up to which the molecular interpretation is described.
